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FUNCnONALIS ATION OF STENTTS WITH AN ENZT^^ 

CATABOLIZING CHOLESTEROL AND LIPIDS, SUCH AS LIPASE 



The inveation relates to intravascular stents comprising in its inner sur&ce an 
enzyme csqpable of catabolizing cholesterol and lipids, such as lipase, or cells that have 
been genetically modified to produce said enzyme, and to their use in the firame of the 
treatment or prevention of obstructive arfheriosclerotic lesions in tiie coronary and 
peripheral blood vessels, or prevention of restenosis in intra coronaric cells. 

Coronary and peripheral angioplasty is routinely performed to treat obstructive 
aertheriosclaotic lesions in the coronary and peripheral blood vessels. Following 
balloon dilation of these blood vessels, 30-40% of patient undergo restenosis: 
Restenosis is tiie re-closure of a perq)heral or coronary artery following trauma to that 
artery caused by efforts to open a stoiosed portion of the artery, such as, for example, 
by balloon dilation, ablation atherectomy or feser treatment of tiie artery. 

Restenosis is believed to be a natural healing reaction to the injury of the arterial 
wall. The healing reaction begins with the thrombotic mechanism at the site of the 
injury. The final result of the complex steps of the healing process can be mtimal 
hyperplasia, the uncontrolled migration and proliferation of medial smooth muscle 
cells combined witii their extracellular matrix production,, until the artery is again 
stenosed or occluded. Thus, restenosis is characterized by both elastic recoil or 
chronic constriction of the vessel hi addition to abnonnal cell proliferation. 

Currentiy restenosis must be treated with subsequent ^angioplasty procedures. In 
attanpt to prevent restenosis, metallic intravascular stents have been permanentiy 
inq)lanted m coronary or peripheral vessels. For example, U.S. 5.304.122 (Schwartz 
et al.) describes metal stents useful for treating restenosis after balloon angioplasty or 
other coronary interventional procedures. Preferred ntiaterial for stents include 
metallic alloys such as Nitinol (currentiy preferred), stainless steel, and tantalum as 
well as different ^es of polymers. 

The stent is typically inserted by catfaetar into a vascular hnnen and expanded 
into contact with the diseased portion of the arterial wall, thereby providing 
mechanical support for the lumen. However, the aftermath of angioplasty is often 
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problematic as tlie blood vessel can be re-close. La addition the stent itself can cause 
undesirable local thrombosis. 

To address the problem of thronibosis, persons who receive stents nmst have 
extensive systemic treatment with anticoagulant dmgs. Furthermore, other plaques can 
become unstable and rupture causing myocardial infarction and strokes. Wound repair 
of the blood vessel after balloon catheter dilation and stent placement involves 
proliferation of medical smooth muscle cells to foim a thickened neoiotima. When a 
stent is placed at the site, the neointima grows over the stent. In about 30% of 
patients, this tissue remodelling process produces restenosis (i.e., narrowing) of tta^ 
vessel, and a recurrence of related symptoms. 

Jn order to prevent these problems, coating for stents have become an intense 
area of research. Stents coated with various compositions have been proposed. Several 
routes have been explored including coating of stents by isotropic or pjrrolitic carbon 
(e.g. EP 556 940 Al to Fischell or US 5163958 to Pinchuck), a polymeric coating 
having lubricious or anti coagulation properties (for instance US6159142 to Eckhard). 

Other coatings with endothelial cells, or coating with drug release properties 
have also been proposed: For example, Dichek et al. (Circulation 1989, 80: 1347- 
1353) describe coating stainless steel with sheep CTidothelial cells that had undergone 
retrovirus-mediated gene transfer for either bacterial B-galactosidase of human tissue- 
type plasminogen activator. The stents were studied ex vivo in tissue culture dishes 
only. The feasibility of in^lanting the stmts into arteries was not explored. Another 
patent with endothelial cells coatings is illustrated in WO 0001795 to Bowlin. This 
procedure of coating stents with cells is tedious, cumbersonie and costly because cells 
have to be derived from a living organism. 

Catheters or stents widi attachments for administering a therapeutic agent have 
been described in U.S. patent Nos. 4.824.436 to Wolinsky, 4.832.688 to S^ae et al., 
and 5.254.089 to Wang. 

Stents having a medicament-contaming portion have been desc^bed m U.S. 
PATENTS No 5.419.760 to Narciso Jr., and 5.439.446 to Barry. U.S. Patent No 
5.616.608 to Kinsella et al. describes a method of treating patients at risk of 
developing a vascular disease with an antimiarobial agent such as Taxo ® ^aclitaxel), 
or a water soluble taxol derivate. U.S. Patent No 5.304.121 to Sahatjian describes a 
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vascular caliieter and baUoon catheter for deUvering an aqueous-mobile drug, where a 
portion of the exterior surfece of the expandable balloon has a drug-inqiregnated 
hydrogel. U.S. Patent 5.716.981 to Hunttar et al. describes a drug elnting stent coated 
with an anti-angiogeoic conqwsition havmg a polymeric carri». U.S. Patent No. 
5.591.227 to Dinh et al. describes a drug ehiting stent coated a solid composite of a 
polymer and therapeutic substance in an adherent layer, and fibrin hi an adherent layer 
of the composite. U.S. Patent No. 5.773.428 to Castelhano et al. and U.S. Patent No. 
5.773.438 to Levy et al. desoibe certain diemical agent which have MMP-inhibiting 
properties. U.S. Patent No. 5.698.515 to Plate et al; describeis certain insulin- 
c(Hitaining polymo^ conqxisitions. 

Other methods of providing therapeutic substences to the vascular wall by means 
of stents have also been proposed. For example. WO 91/12779. entitied "InOahmihiar 
Drug Ehiting Prosthesis" and WO 90/13332, entitied "Stent Witii Sustained Drug 
Delivery", suggest coating stents with antiplatelet agents, anticoagulant agents, 
antimicrobial agents,, anti-inflammatory agents, antimetabolic agents and otiier drugs 
to reduce die incidence of restenosis. 

Shnilarly. U.S. 5.571.166 and 5.554.182 (bofli to Dmh et al.) describe 
inttahiminal stents coated wifli fibrin and heparin. The stent is used to treat restenosis. 
Oflier examples include coating of stents by collagrai (WO 9529647 to Bukge et al.) 
or protein C (WO 9949907 to De Bono « al.). 

Oflier exanq)les of patents inchide tiie conq)osition of flie layer witii which die 
bioactive agents are included for controlled release. For instance, WO 9955396 to 
Chudzik describes die mixture of a bioactive agent in combination witii layer 
conqKMitions of poly butyl metacrylate and polyefliylene co-vinyl acetate. 

In die present invention, flie stent is functionalised by the unmobilisation of die 
enzyme on die device or by growfli of cells tiiat have been genetically modified to 
produce the enzyme catabolizing. cholesterol and lipids. 

These two treatments address the re-accunmlation of lipids in die vein after die 
stent has been put in place. Before modification, the surfece of die stents is covered by 
an underlayer in order to allow die cell growth. . 



Thus, the invention relates to an intravascular stent characterized in that it 
comprises in its inner surface an enzyme capable of catabolizing cholesterol and 
lipids, or cells that have been genetically modlGed to produce said enzyme. 

The invention relates more particularly to mtravascular stents as defined above, 
characterized in that said enzyme is chosen among lipoprotein lipase or the very low 
density Iqpqprotehi. (VLDL) receptor (VLDR). 

Prefared intravascular stents according to the invention, are characterized in 
that the material constituting the stent is chosen among different metallic alloys such 
as stamless steel, shape memory alloys such as Ni, Ti based alloys of shnilar 
composition. . 

The invention also relates to intravascular stents as defined above, characterized 
hi that tihe inner sur£ace is covered by an underlayer capable to bind to the enzyme or 
to the genetically modified cells as mentioned above, and in this last case to allow the 
growth of said cells. 

Advantageously, the underlayer mentigned above is an nitrogen rich layer such 
as polymers containing nitrogen and relatoi chemical functionalities, and more 
particularly amorphous carbon nitrogen layer. 

The invention also concerns intravascular stents as mentioned above, 
characterized in that the enzyme as defined above, is immobilized on the device 
surface by covalent binding with die polymer layer. 

The invention also relates to intravascular stents as mentioned above, 
characterized in that the genetically modified cells as defined above, are bound to the 
layer, if necessary via a fibronectine coating. i 

The invention concerns more particularly mtravascular stents as mentioned 
above, characterized in that the genetically modified cells are chosen among 
endothelial cells. 

The invention relates more particularly to intravascular stents as defined above, 
characterized in that the genetically modified cells are chosen among human normal 
umbilical vein endothelial cells, or human autologous immortalized microvascular 
cells. 



In a preferred embodiment, such intravascular stents as mentioned above, are 
characterized in that the endotheUal cells are transformed with an AAV containing the 
sequence encoding the enzyme as defined above. 

The mvendon also relates to the use of an intravascular stent as defined above, 
in the frame of the treatment or prevention of obstructive, artheriosclerotic lesions m 
the coronary and peripheral blood vessels, or prevention of restenosis ui intra 
coronaric stents. 

The invention will be further illustrated m the following detailed description of 
straits according the invraition. 

Fart 1: preparatton of underlajrer 

The cells are unmobilized on the stent surfece by preferential bonding on dn 
nitrogen rich layer. 

This layer is prepared from an amorphous carbon nitrogoi layer (a-CNrH). The 
a-CN:H layer as a N/C ratio of 0.1 to 0.5 and hydrogen concentration between 2 at 50 
at%, and is d^osited on the device surfece by different techniques such as plasma 
deposition from C and N contaming gas sources, or by chemical transport from a 
graphite precursor. 

The carbon can be produced by sputtering of a graphite target, or by a gaseous 
precursor contammg carbon, such as methane, acetylene or other gases of this type. 
For instance, in the case of a solid carbon source, the carbon flux is obtahied by DC 
or RF magnetron sputtering of a gr^hite target with an Argon/nitrogen/hydrogen 
mixture or a mixture of precursors contahiing these sp^jies (Ar + ammonia for 
instance). 

Powers applied on the target are typically of the order of 500. to 1500W 
depending on the chamber and target size. The pressure for deposition caii be between 
1 to 100 mTorr, d^mding on the type of source used. 

The concentration of nitrogen m the gas phase can be anythmg between 1.2 aM 
1.8g/cm3. The diiclmess of the fihns is lower than lum and the fihns hidicate 
different C-N bonds from JR absorptioa spectroscopy. 

In the case of chemical transport reaction, a plasma source is used to produce 
atomic nitrogen, tiiat reacts with a carbon mesh and produces radicals from which the 



film is grown. The pressure for deposition is typically in the 100 mTorr to the 10 torr 
range. The plasma source can be produce by a higli frequency or microwave 
generator^ and used to dissociate nitrogen and hydrogen to produce reactive species. 
These species react with the graphite mesh to produce CN, CH and NH radicals with 
condCTsate to form a film contammg different concentrations of those components. 

The advantage of the carbon nitrogen coating lies in the fact that a controllable 
density of NH group termination is achievable on the surfece. Enclosed in the 
mvention is the treatment by a plasma of H or NH containing gases of the carbon 
nitride sur&ce after deposition in order to control the sur&ce density of nitrogen and 
NH moieties ornhe surfece. ' - - ...... 

The plasma is produced with a glow discharge in order to modify the sur&ce 
composition and produce NH bonds to which the cells will be bound. The treatment is 
done in near post discharge of a plasma source^ the gas discharge being any mixture 
of a rare gas such as Ar or He and N and H containing gas (such as N2/H2 or NH3) 
or derived conq)ounds. The enzyme is immc^ilized on the device surface by covalent 
bonding with a polymer layer modified to present at its surface controlled 
concentration of amine or carboi^lic groups to which the enzyme can be covalently 
bound. 

This bonding is made by ionic bonding reaction^ carboimide (water soluble 
carboimide/N-hydroxy succinimide) or reductive amination, aU techniques already 
describes in the literature. In case of bonding between the cells and the sur&ce, 
improvement can be obtained through a coating with fibronetic lOOug/ml. 

{ 

Part 2 : Preparation of the engineered cells 

Lipoprotein lipase (LPL) plays a major role in the lipolysis of circulatuig 
lipoprotems. It functions in flie rate-luniting hydrolysis of triacyigtycerols (T(js) from 
ckculating chylomicrons (CMs) and very low-drasity lipoprotem (VUDL), thereby 
releasing free &tty acids for cellular uptake and energy metabolism. 

Gene therapy to deliver and express LPL protem may improve the lipid profile 
and reduce potential atherogenic risk from hypertriglyceridemia. 

We propose to apply a strategy based on the ectopic expression of the LPL. We 
hypothesized that ectopic expression of LPL would reduce plasma TGs 



(triacylglycerols) and nonnalizing plasma lipoprotein metabolism. The expression of 
LPL in HUVEC cell line (human normal umbilical vein endothelial cells) obtained by 
transfection with an adeno-assodated viral vector (AAV), would lead to a significant 
reduction of the formation of atherosclerosis. 

Adeno-Associated virus (AAV) is a non-pathograic vnus that is widespread in 
the human population. Is nearly invisible to the human immune system and can infect 
human dividing and non-dividing cells. This is the only known mammalian virus that 
shows preferential mtegration into specific regions of the genome. AAV is naturally 
replication-deficient and normally requires coinfection with an unrelated helper vims, 
like adenovirus, to generate AAV vkions. There are recent reports where AAV 
vectors carrying exogenous DNA were introduced into cultured mammalian cells and 
have been integrated into the cell genome via homologues recombinatibn (Russell and 
Hirata, Nat Genet 1998 Apr; 18(4):325-30). 

The demonstration that AAV vector can undergo homologous recombination 
with single-copy chromosomal sequences, o^ers new hope that there is still room for 
further improvement in viral vector design. 

Using the syst^, genes can be delivered into a human cell line and the protein 
can be expressed having all the necessary post-translation modifications and folding. 

2.1 CeU line 

HUVEC cell line (CRL-2480, American. Type Culture Collection catalogue), 
human normal umbilical vem endotibielial cells, will be used. The cells, grown in 
Ham's F12K medium with 2mM L-glutamine adjusted tp contain 1.5 g/L sodium 
bicarbonate and supplemented with O.lmg/ml heparin and 0.03 mg/ml endothelial cell 
growth supplement, fetal bovine serum 10%, are cultured at ST'C in a humidified 
atmosphere. A subcultivation ratio of 1 :4 is recommended. 

Alternatively, human autologous immortalized microvascular cells can be used. 

2.2 Construction of the recombinant adeno-assodated viral vector (AAV) 
and transfection of the cells 

To generate HUVEC cell line overexpressing LPL, AAV. Helper-Free-System 
(Stratagene, cat#240071) will be used. Adeno-assodated vector expressing human 
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LPL cDNA driven by cytomegaloviras (CMV) enhancer/chicken beta-globin promoter 
is constructed. The construct contains an e?q)ression cassette which inchide CMV- 
enhancer with a chicken beta-globin promoter, human LPL cDNA and simian virus 40 
(SV40) polyadenylation signal, flanked with AAV ITRs in both S' and 3' end. 

The recombinant vector is contransfected into a packing cell Ime 293 (Inunan 
embryonic kidney cell line) with the pAAV-RF and pHelper vector. pAAV-RF vector 
harbours the cap and rep gene which encode for the capsid and DNA replication 
proteins required to make the infectious vhions. pHelper Vector carries the 
adenoviras genes (E2A, E4) required for inducing the lytic phase of AAV. 

The cotransfection of all these plasmids will produce recombinant, replication-' 
deficient virions. Lysates containing ttie virions are prqpared and subject to three 
successive gradient of CsCl ultracentrifugation. Fraction containing the recombinant 
AAV (rAAV) are collected, pooled and dialyzed against PBS. The titer of virus in 
term of genome copies, are determined by a quantitative Southern blotting. 
Contamination of wild-type adenovirus is excluded by polymerase chain reaction. The 
virions are used to transfect HTJVEC cell line that will overexpress the LPL enzyme. 

2.3 Cells growfli and adbesion to the stent 

Tissue culture vessels used to propagate this cell line must be pre-coated with 
0.1% pig gelatin. The cells grow adherrat. Alternatively, a coating with fibronectine 
lOOug/ml can be used. 

The detection of transgene expression is done by immunofluorescence staining 
and Western blotting. The overexpression of LPL in HUfVEC cells must be tested 
using increasing levels of lipoproteins added in the culture medium. 

Once the cells have been transfected to produce LPL/ the seeding on the stent 
can be done directiy placing the stent covered with the underlayer described in part 1 
above, m culture media with cells for two weeks, assessing the seeding efficiency by 
scanning electron microscopy. 
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CLAIMS 



1. Intravascular stent diaracterized in that it comprises in its inner surface an 
aizyme capable of catabolizing cholesterol and lipids, or. cells that have been 
genetically modified to produce said enzyme. 

2. Intravascular stent according to claim 1, characterized in that said enzyme is 
chosen among lipqprotehi l^ase or the very low density Upoprotein (VLDL) receptor 
(VLDR). 

3. Mravascular stent according to claim 1 or 2, characterized in that the 
material constituting the stent is diosen among different metallic alloys sudi as 
stainless steel, shape memory alloys suoji as Ni, Ti based aUoys of similar 
composition. 

4. Litravascular stent accordu^ to any of claims 1 to 4, characterized in that the 
umer surfiwe is covered by an underlayer capable to bind to the enzyme or to the 
genetically modified cells as mentioned in claim 1, and in this last case to allow the 
said cells growfii. 

5. Intravascular stent according to claim 4, diaracterized in that the underlayer 
is an nitrogen rich layer such as polymers containing nitrogen and related chemical 
ftinctionalities, and more particularly amorphous carbon nitrogen layer. : 

6. hitravascular stent according to claim 4 or 5, diaracterized in that the enzyme 
as defined in daim 1, is immobilized on the device surfece by covalent binding with 
die polymer layer. 
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?• Intravascular stent according to claim 4 or 5, characterized in that the 
genetically modified cells as defined in claim 1, are bomid to the layer, if necessary 
via a fibronectine coating. . 

8. Intravascular stent according to any one of claims 1 to S or 7, diaracterized 
in that the genetically modified cells are chosen among endothelial cells. 

9. Intravascular stent according to claim 8, characterized in that the genetically 
modified cells aire chosen among human normal mnbilical vein endothelial cells, or 
hmnan autologous immortalized microvascular cells - — - - 

10. Intravascular stent according to claim 8 or 9, characterized in that the 
endothelial cells are transformed with an adeno-associated viral vector (AAV) 
containing tihe sequence encoding the enzyme as defined in claiml or 2. 

< 

11. Use of an intravascular stent according to any of claims 1 to 10, in the fi-ame 
of the treatment or prevention of obstructive artheriosclerotic lesions in the coronary 
and peripheral blood vessels, or prevention of restenosis in intra. coronaric stents. 



ABSTRACT 
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FUNCHONAUSATION OF STENTS WITH AN ENZYME CAPABLE OF 
CATABOLEZaNG CHOLESTEROL AND UPmS, SUCH AS LIPASE 



The invention relates to intravascular stents comprising in its inner surface an 
enzyme capable of catabolizing cholesterol and Upids, such as Hpase, or cells that have 
been genetically modified to produce said enzyme, and to thdr use in the ftame of the 
treatment or prevention of obstructive artheriosclerotic lesions in the coronaiy and 
peripheral blood vessels, or prevention of restenosis in intra coronaric stents. 
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